Purpose Studies have suggested that a history of migraines may be associated with a lower risk of some types of breast cancer, though biological mechanisms are unclear. Identifying specific characteristics of migraines which are most strongly associated with breast cancer risk could improve our understanding of this relationship. Methods We ascertained specific characteristics of women's migraine histories (severity, timing features, and presence of migraine aura). We used polytomous logistic regression to estimate the risk of ER? ductal, ER-ductal, ER? lobular, and ER? ductal-lobular breast cancer associated with self-reported characteristics of migraine history. A total of 715 breast cancer cases (276 ER? ductal, 191 ER? lobular, and 376 controls ages 55-74 years were included in this population-based case-control study. Results Compared to women without a migraine history, women with a [30-year history of migraines had a 60 % (95 % CI 0.2-0.6) lower risk of ER? ductal breast cancer; those who had their first migraine before age 20 had 50 % lower risks of ER? ductal and ER? lobular breast cancer (both 95 % CIs 0.3-0.9), and women who experienced migraine with aura had 30 % (95 % CI 0.5-0.98) and 40 % (95 % CI 0.4-0.9) lower risks of ER? ductal and ER? lobular breast cancer, respectively. Conclusion The lower risk of ER? breast cancer associated with migraine appears to be limited to those women with early onset or long duration of migraine history, or those who experienced migraine with aura. This expands our understanding of the relationship between migraine and breast cancer and provides additional insight into potential underlying biological mechanisms.
Introduction
Four studies have evaluated the relationship between migraine and breast cancer [1] [2] [3] [4] , of which three observed that women with a history of migraine have an 11-33 % lower risk of breast cancer [1] [2] [3] . The three studies which reported this association suggest that it is stronger for ER?/PR? breast cancer and that it does not vary by menopausal status, age at first migraine, use of prescription medications for migraine, use of NSAIDS, or among women who avoided migraine triggers (alcohol, smoking, and exogenous hormones) [1] [2] [3] . The biological mechanisms underlying the potential association between migraine and breast cancer risk are uncertain, but estrogen is known to influence risk of both breast cancer and migraine. Risk of breast cancer is higher in women with greater lifetime cumulative exposure to estrogen [5] . Estrogen, and fluctuations in estrogen levels, also appear to play a role in migraine etiology [6, 7] . For example, migraines are more frequent in women than in men [8] , and among women they are more common during the years of menstruation [8] , within 2 days of the start of the menstrual cycle [7] , and, in oral contraceptive users, during the estrogen-free week [9] . In contrast, during periods of time when estrogen levels remain relatively constant, such as pregnancy when they remain at a high level and after menopause when they stay chronically low, migraines are less frequent [10] . There is evidence that both estrogen supplementation, as well as down-regulation of estrogen production and withdrawal of supplemental estrogen, can trigger migraine attacks in some women (as reviewed by Brades et al. [11] ). However, migraines are heterogeneous, and their presentation can vary in terms of symptoms, age at onset, frequency, and duration. Only one of the prior studies of migraine and breast cancer investigated relationships between specific migraine characteristics and breast cancer risk, but did not stratify these analyses by the different types of breast cancer. That study observed little evidence for an association between breast cancer overall and migraine with or without aura, or migraine frequency, and did not assess other aspects of migraine history including duration or age at first migraine [4] .
The purpose of this study was to assess whether certain migraine characteristics are more strongly associated with breast cancer risk, in order to expand our understanding of the potential link between migraine and breast cancer. To determine whether specific aspects of migraine history could help explain the link with breast cancer risk, we recontacted participants from one of the previous studies [12] to learn more specific details of their migraine experience.
Methods
This analysis was an extension of a completed populationbased study of breast cancer (Seattle area Hormone And Reproductive Epidemiology breast cancer study or SHARE study), and details regarding the parent study's design and eligibility criteria have been published previously [12] . This study population was also included in a previous report on the association between migraine and breast cancer [3] , and for the current study, participants were recontacted to obtain more detailed information on specific aspects of migraine history (e.g., duration, timing, presence of aura, frequency, and intensity).
First, we will briefly summarize methods in the original SHARE study. Cases were women diagnosed with a primary invasive ductal or lobular breast cancer between 1 January 2000 and 21 April 2004 between the ages of 55 and 74 years, using the Seattle-Puget Sound Surveillance Epidemiology and End Results (SEER) cancer registry. Of the eligible women identified, 83 % were interviewed, including 524 with ductal, 324 with lobular, and 196 with mixed ductal-lobular breast cancer. Because ductal breast cancer is more common, all lobular and mixed ductallobular cases were included, and a randomly selected sample of ductal cases was frequency-matched 1:1 by 5-year age group to the combined group of lobular and mixed ductal-lobular cases. Population-based controls were then identified by random-digit dialing within the same three counties of residence as cases (King, Pierce, and Snohomish) and were frequency-matched to cases on age and reference year (assigned to controls to be similar to the distribution of reference dates among cases). Women who had previously been diagnosed with breast cancer (invasive or in situ) were excluded from the control group, as were those without a landline home phone number. Cases and controls in the original SHARE study completed an interview (between 2/2001 and 4/2005) which included questions about reproductive history, medical history, lifestyle factors including smoking and alcohol, demographic factors, and weight and height.
For the present report, in order to investigate whether certain aspects of migraine history are more strongly associated with breast cancer risk, we recontacted women from the original SHARE study to obtain more detailed information on their headache histories. Of the original 1,513 participants who had consented to be recontacted for a future study, 380 of 469 controls (81 %) and 763 of 1,044 cases (73 %) were successfully re-interviewed (9/2008 to 1/2011), this time about specific migraine characteristics. The difference in response rates was primarily attributable to the higher number of deaths in the cases compared to controls (14 vs. 6 %, respectively) as refusal rates were similar in both groups (13 % for controls and 12 % for cases). The interview was conducted by telephone and lasted approximately 30 min. It was structured to be identical for all women regardless of whether or not they reported a history of migraine in the original SHARE interview. In the follow-up interview, we assessed multiple measures of migraine history including self-reported history, as well as an evaluation of whether the types of headaches women experienced met the established clinical criteria for migraine. The self-reported migraine variable allows for comparability with prior studies, most of which have used self-report. The clinical definition is thought to be more accurate, as approximately 50 % of migraine sufferers are unaware that their headaches meet the clinical criteria for migraine [13] (Additionally, approximately 50 % of migraine sufferers have never been clinically diagnosed with migraine [14] ). We also wanted to compare the two measures (self-report vs. clinical definition).
In the follow-up questionnaire, we ascertained selfreport of migraine with the question, ''Before (REFDATE) did you ever have a migraine?''. For ascertainment of clinically defined migraine, participants were asked to provide detailed information on headache history, including information on the severity, duration, and timing of headaches; any accompanying symptoms such as nausea or vomiting, visual disturbances, or sensitivity to light or sound; use of both prescription and over-the-counter medications to prevent or treat migraines; and family history of migraine. We defined women as having experienced a history of migraine without aura if they had C5 attacks, lasting at least 4 h, with moderate or severe pain intensity, and either (A) nausea/vomiting during a headache or (B) sensitivity to light or sound during a headache, as well as (C) had at least one of the following: headache located on one side of the head, headache that was made worse by routine physical activity, and throbbing or pounding headache. This definition is slightly more stringent than established clinical criteria, in that a history of moderate to severe headache pain was required instead of optional [15] . Migraine with aura was defined as at least two headaches accompanied by any visual disturbances such as flickering lights, spots, and lines or loss of vision before or during a headache, not attributed to other disorders. We asked a series of specific questions for each criterion to ascertain detailed migraine histories, such as ''Before (REFDATE) did you ever have a headache?'' , ''Did you ever have a moderate to severe headache?'' and''Did you ever experience nausea or vomiting when you had a headache?'', etc. We also asked specific questions about the timing and severity of migraines, for example, ''How old were you when you first had a (moderate or severe headache/ migraine)?'' and ''When you were (AGE), on average, how many (moderate/severe headaches/migraines) did you have per week, month, or year?'' and ''On a scale of 0-10, on average how painful were these (headaches/migraines)? 0 = no pain at all, and 10 = pain as bad as it can be.'' and ''How old were you when the frequency or severity of your (headaches/migraines) changed from what you just told me?'' If a subject's migraine frequency or severity changed over time, we collected data on each time period and used the responses to establish the lifelong history of each subject's migraine experience. We also ascertained menstrual migraines (i.e., all migraines occur within 2 days before or after the 1st day of menstruation) as well as menstrually related migraines (i.e., migraines occur both at menstruation and at other times), and then combined women from these two groups for analyses of menstrual/ menstrually related migraines.
We defined case groups as ER? ductal, ER-ductal, ER? lobular, and ER? mixed ductal-lobular because only a subset of ductal cases were included in the sample, and therefore, we could not focus on all ER? or all ER-cases. ER-lobular and ER-mixed ductal-lobular cases were not included in subtype analyses because there were only 12 such cases in total.
Polytomous logistic regression was used to calculate relative risks (RRs) and 95 % confidence intervals (CIs) to estimate the risks of ER? ductal (n = 276), ER? lobular (n = 191), ER-ductal (n = 46), and ER? mixed ductallobular (n = 202) breast cancer associated with various aspects of migraine history. Analyses include 376 controls and 715 cases, as we excluded cases not in one of the breast cancer subgroups listed above (n = 37), as well as subjects missing data on clinical criteria for migraine (one control, four cases), or on confounders which were included in the models (three controls, seven cases). We adjusted for an a priori set of confounders in all analyses, including age, county of residence, reference year, and body mass index (BMI). Several other variables, when adjusted for, did not change the main effect estimates by 10 % or more and thus were not included in the model (alcohol use, smoking, number of pregnancies, age at first pregnancy, OC use, HRT use, and ages at menopause and menarche). Secondary analyses were conducted adjusting only for age, for the sake of comparability with other studies [4] . Confounding variables were categorized as shown in Table 1 . Information on these factors was collected during the original SHARE study. We also conducted some analyses stratified by smoking versus non-smoking, and by alcohol use, to assess potential effect modification by smoking and by alcohol use. All analyses were performed using Stata 12 (StataCorp, College Station, TX).
Results
Controls, ER? ductal cases, ER? lobular cases, and ER? mixed ductal-lobular cases were similar with respect to a number of demographic characteristics and breast cancer risk factors including age, education, race, OC and HRT use (Table 1 ). In contrast, compared to these four groups, the ER-ductal cases were somewhat more likely to be younger, less educated, and nonwhite, to have used oral contraceptives, and never to have used menopausal hormone therapy. ER? ductal, ER? lobular, and ER? mixed ductal-lobular cases were more likely to be nulliparous, current users of estrogen plus progestin menopausal hormone therapy, and to consume at least seven alcoholic beverages weekly, compared to controls and ER-ductal cases.
We assessed breast cancer risk in relation to two measures of migraine history (Table 2) : self-reported migraine as well as whether self-reported symptoms met the clinical criteria for migraine. Prior literature suggests that 50 % of migraineurs are not aware their headaches are migraines [13] and that migraine is undiagnosed in *50 % of migraine sufferers [14] . Self-reported and clinically defined migraine measures were moderately correlated (j = 0.49). After adjusting for age, county of residence, reference year, and BMI, women who met the clinical criteria for migraine had a lower risk of ER? ductal (RR 0.7, 95 % CI 0.5-1.0) and suggested lower risk of ER? lobular (RR 0.8, 95 % CI 0.5-1.1), but not ER-ductal (RR 1.4, 95 % CI 0.8-2.6) or ER?mixed ductal-lobular (RR 1.0, 95 % CI 0.7-1.4) breast cancer (Table 3) . Self-reported history of migraine was associated with an even lower risk of ER? ductal (RR 0.6, 95 % CI 0.4-0.9) and ER? lobular (RR 0.5, 95 % CI 0.3-0.8), and a statistically nonsignificant lower risk of ER? mixed ductal-lobular (RR 0.7, 95 % CI 0.5-1.1) and ER-ductal breast cancer (RR 0.7, 95 % CI 0.3-1.5).
Women who experienced migraine without aura did not have an altered risk of any type of breast cancer, whereas women who had ever experienced migraine with aura had a lower risk of ER? ductal and lobular breast cancers (RR ductal 0.7, 95 % CI 0.5-0.98, and RR lobular 0.6, 95 % CI 0.4-0.9; Table 4 ). Additionally, women who experienced their first migraine before the age of 20 had a lower risk of ER? ductal and ER? lobular (RR 0.5, 95 % CI 0.3-0.9 for both), and there was a suggestion of a reduced risk of ER? mixed ductal-lobular that was within the limits of chance (RR 0.6, 95 % CI 0.3-1.1). However, no statistically significant trends with respect to age at first migraine and risk of any subtype of breast cancer were observed. Reductions in risks of ER? ductal, ER? lobular, and potentially ER? mixed ductal-lobular breast cancer were also observed among women with a 30-year or longer history of migraines (RR 0.4, 95 % CI 0.2-0.6; RR 0.5, 95 % CI 0.3-0.9; and RR 0.7, 95 % CI 0.4-1.1, respectively), and statistically significant trends with duration were observed. Women who experienced menstrual or menstrually related migraine prior to the age of 20 also had a 60 % lower risk of ER? ductal (95 % CI 0.2-0.8) breast cancer and also reductions in risks of ER? lobular and ER? mixed ductallobular (both: RR 0.5, 95 % CI 0.2-1.2) that were within 
Discussion
We observed that women with a longer history (C30 years) of migraines, or a history of migraine before age 20, had a 50-60 % lower risk of some ER? breast cancers compared to women without a history of migraine. Migraine with aura was also associated with a 30-40 % lower risk of ER? breast cancer. Although these findings were based on small number of women, taken together the pattern is of interest, particularly if it is repeated in future studies. Three of four prior studies of the association between migraine and breast cancer, including the original study upon which these new data are based [1] [2] [3] , observed a lower risk of ER?, but not ER-, breast cancer among women with a history of migraine. The other study did not observe a relationship between migraine and breast cancer risk [4] . The latter study evaluated risk associated with migraine with and without aura and found that migraine with aura was not associated with breast cancer risk and that migraine without aura was associated with a 20 % greater risk of breast cancer [4] . The present study is the first to assess risk of different histologic subtypes of breast cancer associated with a multitude of migraine characteristics including migraine duration and intensity, history of menstrual migraine, experience of migraine with aura, and age at migraine onset. This study is also unique as it is one of the first to evaluate history of headaches meeting the clinical criteria for migraine (most prior studies were based simply on self-reported migraine history). We observed a lower risk of ER? breast cancers (ductal as well as lobular) among postmenopausal women who had either had their first migraine before age 20, had experienced migraines for 30 years or more, and/or had ever experienced migraine with aura. The biological mechanisms which could explain an association between both early onset migraine (before age 20) and long duration of migraine history (C30 years), and ER? breast cancer risk (but not ER-breast cancer risk) are uncertain. Estrogen could play a role, as it is associated with both migraine timing (in the short term) and breast cancer risk (in the long term). Short-term fluctuations in estrogen levels, whether positive or negative, are believed to trigger migraines (as reviewed by Brandes et al. [11] ), whereas a higher cumulative exposure to estrogen over a woman's lifetime is associated with higher breast cancer risk. To tie together lifetime cumulative estrogen exposure and short-term fluctuations in estrogen, there is evidence that higher lifetime cumulative exposure to estrogen is inversely associated with a lifetime history of greater fluctuations in estrogen. In particular, women who experienced early menarche (age \12 years) have higher levels of estradiol during and after adolescence, and smaller fluctuations (they have higher levels of estradiol during the lower estrogen (luteal) but not the higher estrogen (follicular) phase of the menstrual cycle), compared to women with late menarche (age [14 years) [16] .
Biologically, it is plausible that estrogen could play a role in associations between ER? breast cancer and migraine with aura as well. Migraine with aura occurs more frequently at times in the menstrual cycle when estrogen levels are high [6, 7, 17] . Estrogen acts on the brain through several pathways [10, 11, 18, 19] , increasing cortical and neuronal excitability [20, 21] , and increasing the amplitude and rate of repetition of cortical spreading depression (CSD) [22] , which is thought to cause, or be equivalent to, migraine with aura [10, [23] [24] [25] . CSD is defined as alternating waves of neural excitation and suppression that spread across cortical tissue in the brain [20] . As is thought to be the case with migraines, CSD has been * p value \0.05 a All models are adjusted for the following variables, categorized as in Table 1 : age, county of residence, reference year, and body mass index Table 4 Risks shown via in vitro studies to be triggered by fluctuations in estrogen levels, whether increasing [20] or decreasing estrogen [26] . However, the relevance of this link between estrogen and migraine with aura to the observed relationship between migraine with aura and risk of some types of breast cancer is unknown. Lifetime patterns of estrogen exposure are just one possible explanation for a link between migraines and breast cancer risk. If these findings are replicated in future studies this could motivate specific biological studies to characterize underlying biological mechanisms.
An alternate explanation for a lower risk of ER? breast cancer in women with a history of migraines could be that such women are more likely to avoid migraine triggers (i.e., alcohol, cigarette smoking, poor sleep, stress), some of which are also risk factors for breast cancer. Such behaviors might be expected to lower the risk of ER? breast cancer, as alcohol [27, 28] and smoking [29] have been found to be associated with ER?, and not ER-breast cancer. The data used in the previous study [4] are consistent with this hypothesis, in that alcohol and smoking were less common among migraineurs. In our study, migraineurs were more likely to be nondrinkers compared to non-migraineurs (53 vs. 46 %) and less likely to be heavier drinkers compared to non-migraineurs (22 vs. 30 % consumed C4 drinks per week). Rates of smoking were similar among migraineurs and non-migraineurs. However, tests for interaction between clinical migraine and either smoking (p = 0.78) or alcohol (p = 0.55) were not statistically significant and adjusting for these factors did not impact the direction or magnitude of our risk estimates.
A potential limitation of this study is the possibility of exposure misclassification via recall or reporting bias. However, if women diagnosed with breast cancer were somehow more likely to remember or report a migraine history (or a more severe one) compared to controls, this would result in a positive association, not the inverse relationship we observed. Sample size was also a limitation particularly with respect to the small number of ERcancer (only 46 ER-ductal cases) included in this study. This limited our statistical power and our ability to make any strong inferences with respect to the relationship between migraine and risk of ER-breast cancer. Based on the characteristics of our study population, these findings may be less generalizable to younger women, nonwhite women, and those with advanced or aggressive breast cancer at diagnosis. The limitations of our study are balanced by several key strengths. This study is populationbased and collected detailed information on, and assessed multiple measures of, migraine history. We were able to identify a sizeable number of participants who experienced headaches meeting the clinical criteria for migraine who were not aware that their headaches were migraines.
Our results further characterize the potential reduction in risk of breast cancer associated with migraine history as we observed that it may be confined to migraineurs with early onset migraine, a long history of migraines, and a history of migraine with aura. Additional research is needed to confirm these findings and to explore the potential biological links between migraine history and a reduced risk of ER? breast cancer.
